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Possible existence of a meson (ss) S = 0 at M 762 MeV 
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The possible existence of a (ss) S = 0 meson at M « 762 MeV is discussed through a critical 
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that the presence of such meson is not excluded by the data, but may be hidden by more excited 
mesons at nearby masses. 
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I. INTRODUCTION 

The study of the meson spectroscopy remains impor¬ 
tant, but presently mostly restricted to mass range larger 
than 3 GeV, like charmonium or bottomonium. Indeed 
many measurements are performed exploiting the col¬ 
lider properties. The calculations concerning charmo¬ 
nium or bottomonium are facilitated since heavy quarks 
are involved, allowing application of perturbation the¬ 
ories. These studies are stimulated by the experimen¬ 
tal observation of isospin 1 mesons, forbidden in sim¬ 
ple qq models. However open questions remain at lower 
masses, like, for example, the spin determination of sev¬ 
eral charmed strange, bottom, or bottom strange mesons. 
This paper shows that, in addition to new experimental 
data and theoretical results, it is possible to get infor¬ 
mation on meson spectroscopy, using simple well known 
properties, not yet applied for that purpose. 

Although the mesons are rather well described in the 
relativized quark model with chromodynamics [l|, the 
authors mentioned the difficulty - they wrote ’’the prob¬ 
lem is especially severe” - to describe the isoscalar- 
pseudoscalar mesons. There is no state found in their 
approach like the one discussed here. 

It was noted 0 that ’’lightest isoscalar pseudoscalar 
mesons may mix more strongly with excited states or 
with states of substantial non-qq content.” Different 
77 — 77' mixing angles were advocated, as well as possible 
gluonic and intrinsic cc components. Here also, the au¬ 
thors wrote that ’’the situation for the pseudoscalar and 
scalar mesons is not so clear cut, either theoretically or 
experimentally.” A theoretical solution of the lack of the 
missing ss (S = 0) meson mass was suggested in a work 
stressing that the ’’chiral U(l) symmetry is explicitly bro¬ 
ken by instantons” Q. The present paper is devoted to 
the study of the experimentally ’’missing” low mass S = 
0, meson (ss) called ”M”. 
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From the experimental point of view, we are faced to 
the following questions: 

1. if this meson does not exist, is there an explanation 
to its non observation ? 

2. otherwise, what is its mass ? 

3. what reaction should be used to allow its possible 
observation ? 

It was pointed out long time ago, that the chromomag- 
netic interaction used in atomic physics, is able to de¬ 
scribe the hyperfine splittings in hadrons. This old, sim¬ 
ple model, is no more considered, since overtaken by mod¬ 
ern theoretical approaches. It can however be used to 
answer the second question noted above, namely to give 
an indication of the possible mass. Several low meson 
masses can be reproduced using the spin-spin coupling 
of quarks, similarly to the hyperfine splitting in electro¬ 
magnetic interaction. The formula used is: 

m{qq) = mi + m 2 ASi.S 2 /mim 2 , (1) 

where Si and S 2 are the spins of both quarks, ttii and m 2 
are the constituent quark masses. A defines the amount 
of the difference (AE) between the masses of the first S 
= 1 and the ground S = 0 of the studied meson family. 
A = (2 * m{u))‘^c. Such hyperfine interaction suggests 
for hadrons, that there is a QCD source in single gluon 
exchange 0. 

Table I shows the masses calculated using the following 
parameters: 

- the ”u” and ”d” (constituent quark) masses are m(u) 
= 309 MeV, 

- the constituent strange quark mass m(s) = 480 MeV, 

- ”c” = 159 MeV. 

A line is added, which corresponds to (ss) S = 0. We 
observe that the masses are well reproduced. The ^ me¬ 
son is considered as a (ss) meson with spin S = 1. A 
(ss) meson with spin S = 0, is predicted to exist at M 
~ 762.3. Such meson has never been observed, neither 
predicted. 
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TABLE I. Low meson masses (in MeV) calculated by using 
equation (1). 


meson 

mi m 2 

c 

S 

Calc. 

Exp. 

1 AM\/M 

TT 

309 309 

159 

0 

141 

138 

2.2 10"= 

p 

309 309 

159 

1 

777.0 

775.5 

1.9 lO"’^ 

UJ 

309 309 

159 

1 

777 

782.6 

7.2 lO"’^ 

K 

309 480 

159 

0 

481.9 

481.7 

4.2 lO""* 

K* 

309 480 

159 

1 

891.4 

892 

6.7 10"'^ 

(ss) 

480 480 

159 

0 

762.3 

7 


P 

480 480 

159 

1 

1025.9 

1019.5 

6.3 lO"’^ 


Another still rough mass relation, assuming that the 
masses follow a: a + bS{S + 1) variation, predicts a value 
for the ”M” mass close to the the previous one. We 
already know several mesons, having an important (ss) 
component, namely the (p (1020) S = 1, and the (1525) 
(S = 2). Using this relation we get M(S = 0) « 767 MeV. 

Let us stress that we do not take these results as theo¬ 
retical predictions, but only as an indication of the mass 
range where such mesoir should be looked for. 

Along this study the ” average masses” given by @ are 
used. 


II. POSSIBLE EXPLANATION ABOUT ITS 
NON OBSERVATION, AND STUDY OE 
EAVOURED REACTIONS 

The possible mass of the ” M” meson is too low to allow 
its decay into two kaons. Its mass is likely lower than p or 
uj masses, allowing only disintegration modes with pions 
and (or) gammas. 

This meson should have a orbital momentum i = 0 
between both quarks, therefore S = I = 0, then P = - 
1, C = -|-1, and G = -|-1. Then its quantum numbers 
are 0'''(0 '') and are the same as those of the 
77 ( 548 ), making him a possible candidate for mixing with 
the 77 ( 548 ) instead of the 77'(958). This will be discussed 
below. 

The positive charge conjugation shows directly the pos¬ 
sible disintegration modes, since the p and lo mesons, hav¬ 
ing both negative charge conjugation have different dis¬ 
integration modes. Parity conservation forbids the ”M” 
disintegration into two tt*^, or tt+tt” by strong or elec¬ 
tromagnetic interactions. The 7777 ° mode is forbidden by 
isospin conservation. 

The disintegration modes being different from those of 
p OT UJ mesons, we anticipate the existence of a not too 
small (not hidden) signature into allowed disintegration 
modes of ” M”. 

The possible modes for ”M” are 27 or three pions (Stt^, 
or TT+TT^TT^). The (Tr+Tr^y) mode is not forbidden, but its 
branching ratio is small 4.6 % for 77 ( 548 ) and decreases 
for increasing meson mass. Indeed it is not given for 
n(^(958) but only included in the resonant py decay mode 
0. The ”M” mass should be found between the 77 and 


77 ' masses. 

If observed, the expected decay in two y’s should be 
narrow, allowing to ignore possible theoretical mesons 
as K or cr. The predicted estimated mass and width 
of the (controversial) n are @ in a broad range ~ 
600-900 MeV and P^ ~ 400-770 MeV. The Breit-Wigner 
width of the /o(500) (a) meson is estimated to be ~ 
400-700 MeV. 


III. EXPERIMENTAL SCRUTINY OF KNOWN 
EXPERIMENTAL DATA 

Having the 77 quantum numbers, all possible ”M” 
strong decays are forbidden in lowest order (except three 
pions), as well as first order electromagnetic decays, ex¬ 
cept the decay to 7 r+ 7 r“y, commented above. The main 
allowed decay is the second order electromagnetic tran¬ 
sition ”M” 2y. Disintegrations of other mesons (p, w, 

...) by weak interaction are allowed, but will give very 
small signals in the experimental spectra, and are there¬ 
fore neglected. Since the ”M” mass is larger than the 
77 mass, we have to consider three other disintegration 
modes: the pir is forbidden by isospin and the 777 by 
charge conjugation; the mass of r/mr is too large. 

The neutral decay modes of the 77 meson were discussed 
in 


A. The two photon invariant mass data 

The meson production in pp annihilation was studied 
W the Crystal Barrel Collaboration at LEAR (CERN) 

Hi. 

In the review article on the proton-antiproton anni¬ 
hilation results from Lear, a bi-dimensional spectra of 
2 y invariant-mass distribution versus a 2 y invariant-mass 
distributiom is shown for a sample of 4y events in Eig. 
6 of Ref. The data are not available in tabulated 
form, and are reproduced in Eig. [TJ The intensity of the 
blobs decreases with increasing masses. They are con¬ 
nected in the original figure by straight lines,and named 
by the authors successively as W-i tt^uj. 

Since the charge conjugation forbids the uj disintegration 
into two pions (except by weak interaction) we considered 
carefully the masses of the corresponding blobs close to 
750 MeV and excited with a moderate intensity. Due to 
unprecise shapes of the useful blobs, the extracted masses 
are also unprecise. We obtain the following approximate 
values (in MeV): when m(y) = 7 r° then m(x) = 768 MeV; 
when m(y) = m( 77 ), then m(x) = 762; when m(x) = m( 77 ), 
m(y) = 753. The mean value between these three masses 
is Mw761 MeV. 

This blob close to M = 760 MeV was identified to n^uj. 
It was written, in several papers from this pp annihila¬ 
tion at rest: ’’for the w signal, a low energy photon has 
escaped detection”. Eor example in the two-y invariant 
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mass distribution for 7 r ''77 events the peak named w 
is located close to 763 MeV. 



500 


MyyCMeV) 


FIG. 1. Part of Fig. 6 showing the scatter plot of the 
two photon invariant mass 771 ( 71 , 72 ) (in MeV), versus the 
two photon invariant mass 777 ( 78 , 74 ) (in MeV). Reprinted 
figure with permission from Claude Amsler, Reviews of Mod¬ 
ern Physics, Vol. 70, 1293 (1998). Copyright 2014 by the 
American Physical Society. 


Also in another paper 0 , the authors show a spec¬ 
trum of the 77 momentum. Their Fig. (7b) shows, after 
suppression of the signal, an asymmetric structure 
in the region of the ui bump, which is eliminated by in¬ 
troducing cuts on the 77 pair. 

In the spectra of the invariant 77 mass for pp —> 
7 r+ 7 r “77 events [ll|, the authors associate the signal close 
to M = 760 MeV, to events where one soft photon from 
the decay a; —>• 7 r °7 is missing. 

However the spectra of a single 7 in the missing 
rest frame is given in Fig. 13 of Ref. Q. It shows that 
the probability to have photons of energies E<20 MeV 
is very small. Moreover, in case of a loss of low energy 
photons, we will expect a continuous blob built with the 
remaining photons and not a peak with a width close to 
that of 7 '. Therefore the assumption advocated for the 
u! signal is questionable. The existence of ”M” close to 
762 MeV seems to solve the difficulty. 

The data of Fig. 1 in Ref. [iJl, are read and re¬ 
ported in Fig. [2] of the present paper. The events un¬ 
der discussion are fitted with a gaussian centred at M = 
762 MeV. The relative amplitudes from tt^ lr]j”M" jrj' are 
Ri 490/40/1.5/1, respectively. 

The invariant mass of two photons was studied during 
the investigation to calibrate the CMS electromagnetic 
calorimeter [l^ . The data are read from their Figs. 5 and 



FIG. 2. Color online. 77 invariant mass of the of the pp 
annihilation into tt”'" 77^77 events 0. See text. 


6 , and reported in Fig. [3]which shows, in both inserts, the 
two photon invariant mass after different cuts. Although 
the statistics is poor, an increase of the number of events 
is observed around = 750 MeV. The events below 77 
mass correspond to exotic mesons we akly excited, already 
observed at M = 415 and 482 MeV [l^ . 




200 400 600 800 1000 

Two photon invariant moss (MeV) 


FIG. 3. Color online. 77 invariant mass from ECAL barrel 
calibration at LHC startup with 7 —^ 77 [l^ . 


The ratio between ”M” and 77 ' is close to the one ob¬ 
served in Fig. [2l 


B. Other reactions 

The cross section of e+e“ —>■ 777 reaction was stud¬ 
ied at the VEPP-2M e+e" collider [T^. The 77 was se¬ 
lected by the 7 r“'" 7 r° 7 r“ channel (open for w disintegra¬ 
tion) and 37 r*^ channel (forbidden for uj by charge con¬ 
jugation). The spectra was studied in the useful range: 
755.26<E<1055.64 MeV, where E is the centre of mass 
energy. It covers the range between ?7(548) and 77’(958). 
However the binning is only precise close to the 77 ( 548 ) 
and 77’(958) masses and not at all close to Ess912 MeV 
which will correspond to ” M”, preventing to get any in¬ 
formation. The 77 was also selected by the 37 r° channel, 
forbidden for uj by charge conjugation. 

The cross section of the same reaction when the 77 was 
selected by its 37 r° decay mode was studied in a wider en¬ 
ergy range, but the 30 MeV binning and the low counting 
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rate, prevents us to use these data. 

The rare decay ry —>■ was studied with the Crystal 

Ball /TAPS detectors at the Mainz Microtron [T^. The 
data were only given for masses lower than 680 MeV. The 
same experiment has been also studied with the Crystal 
Ball at the AGS [l^. The limit set here on the two 
photon invariant mass spectra is 420 MeV. 

The reaction e“'“e“ —^ Tr+Tr^y was studied by the 
KLOE Collaboration at DA$NE [I^. The ”M” mass 
corresponds exactly to the large ’’anomaly” observed in 
the cross section. The ( 7 r+ 7 r“y) is not forbidden, but 
its branching ratio is small 4.6 % for ?7(548) and de¬ 
creases for increasing masses as already mentioned. The 
invariant mass spectra in the w region was stud¬ 
ied with the Crystal Ball m ultip hoton spectrometer at 
the Mainz Microtron MAMI |l9| . The spectra shown in 
Fig. 4 (left) of Ref. 0 is regular, without any enhance¬ 
ment above a rather large background, in the ”M” mass 
region. The authors wrote that ” the main background 
is the yp —>■ direct production”. It should also be 

noticed that the branching ratio for the disintegration of 
a meson with the rj quantum numbers into decreases 
with the mass: from 77 ( 548 ) where it corresponds to 32.57 
% to 1.68 10-3 for 77 ’(958). 

The pp annihilation in flight was studied by the Crystal 
Barrel Collaboration at Lear [ 2 ^, into 0777 , and wry’ 
channels, therefore unable to give information concerning 
the present study. 

Following the discussion above, we conclude that the 
existing data do not exclude the possible existence of the 
”M” meson.The mean value for its mass is taken to be 
M = 762 MeV. This has to be confirmed, and deserves 
dedicated precise measurements. 


IV. DISCUSSION 


In the systematics of Table I, we noted the absence of a 
(ss) S=0 meson corresponding to the (ss) S=1 (j) meson. 



FIG. 4. Color online. Mass difference between the first (S =1) 
minus the second (S=0) meson mass families, plotted versus 
the corresponding mean masses. 

Fig.|4]shows the mass difference between the first states 
S = 1 and S = 0, of the eight meson families, from qs to 


bb. The differences are plotted versus the corresponding 
mean meson masses. A line to drive the eye is shown 
between the points corresponding to the known masses. 
The mass difference between both (ss) mesons, namely 
the ^ at M = 1019.5 MeV and the ”M” at M = 762 MeV 
(surrounded by blue square) lie along this line. This 
curve is consistent with the data on the variation of the 
hyperhne splitting versus spin averaged meson multiplet 
mass shown in |2l| . In this last work, the experimental 
values, plotted versus [3*M(1 ) -|- M(0 ^)]/4, are close 

to RPA calculations. 


A. Possible width of the ”M” meson 

The width of the ”M” meson, is expected to be much 
smaller than experimentally observed, as the data are 
driven by the experimental resolution. Fig.[S]shows in in¬ 
sert (a), in log scale, increasing widths of the first pseudo¬ 
scalar 77 mesons, incidentally aligned with the pion width. 
Insert (b) shows, in linear scale, the alignment between 
the 77 widths for masses M>0.95 GeV. By interpolation, 
we tentatively predict the total ”M” width P ss 18 keV. 


2 1 


o ^0 
o 


( 0 ) 


r( 0 '*) 




<,e'Co-) 





FIG. 5. Color online. 77 mesons total width r(MeV). Full red 
circles correspond to rj, full blue squares to 772 . See text. 


B. Observation of mass symmetries 

Let us point out that the meson masses display sym¬ 
metries. One of such symmetries is shown below, first 
applied to several meson families, then applied to 77 
mesons. Fig.[ 6 ]shows the mass difference between succes¬ 
sive masses, plotted versus the mean value of the same 
masses. Such plot is very convenient to emphasize reg¬ 
ularities in the mass series. Such plot can be done only 
for families holding at least five masses. All fits in Fig. [5] 
are obtained using a cosine function: 

AM = 00 + 0:1 cos[(M — Mo)/Mi], 
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FIG. 7. Color online. Mass difference between successive 
masses, plotted versus the same mean masses of rj mesons. 
See text. 


FIG. 6. Golor online. Mass difference between successive 
masses, plotted versus the same mean masses of a given meson 
family. Inserts (a), (b), (c), and (d) show respectively the data 
for /o, / 2 , cc, and bb mesons. See text. 

where Mg /Mi is defined within 27r. All coefficients, and 
masses used to draw the figure are in MeV. The values 
of the parameters are given in Table II. 

Insert (a) shows these data for the /o 0+(0++) un¬ 
flavoured mesons. The very large error bar of the first 
data is due to the broad and badly determined mass of 
the /o(500) or a. Extrapolating the fit allows to predict 
the next possible /o not yet observed. The masses, drawn 
by black full circles surrounded by black squares, are M 
Ri 2670 and 2760 MeV. 

Insert (b) shows the data for /2 0“''(2++) unflavoured 
mesons. The extrapolation indicates the next possible /g 
masses: M 2380, 2450, and 2625 MeV. 

Insert (c) shows the data for the 0“(1““) charmonium 
cc mesons. The mass of the last quoted such meson 
X(4660) ?’(1 ) fits perfectly in this distribution, and 

is therefore kept. The extrapolation allows to predict 
tentatively the next corresponding masses: M r; 4805 
and R!5080 MeV. The first point (AM«590 MeV) lies 
outside the fit. After a possible arbitrary introduction 
of a not (yet ?) observed charmonium at M r; 3385 ± 
50 MeV between the two masses: M Ri 3096.916 and r: 
3686.109 MeV, we obtain two new points which replace 
the previous data point at A M = 590 MeV and lie on 
the distribution. 

Insert (d) shows the data for the T 0~(I ) bottomo- 

nium bb mesons. Here, again, the agreement between fit 
and data, is improved by the arbitrary introduction of a 
new mass at M r: 9695 ±50 MeV. The tentatively ex¬ 
trapolated masses at the large mass side are: M r:II330 
and r:II560 MeV, shown by black full circles surrounded 
by black empty squares. 

Fig. [7] shows similar data for r] mesons. The introduc¬ 
tion of the M = 762 MeV r] meson mass would perfectly 
fits into the systematics except of the known rj masses. 


The extrapolation of this behaviour would suggest a miss¬ 
ing rj mass at Mr;I 925 MeV and a possible next i] mass 
at MRi2430 MeV. The resulting data are shown by black 
full circles enlarged by black squares in Fig. [7] . 

None of these possibly missing masses is reported in 
the section ’’Other light mesons, further states” 


TABLE II. Coefficients (in MeV) of the fits shown in Figs. 6 
and 7. 


meson 

qua. num. 

fig- 

oto 

Oil 

Ml 

unflav. fo 

0 + 

(0++) 

6 (a) 

135 

215 

103 

unflav. /2 

0 +(2++) 

6 (b) 

70 

110 

66 

charm, c — c 

0 ~ 

(1--) 

6 (c) 

90 

190 

57 

bottom, b — b 

0 " 

(1--) 

6 (d) 

75 

265 

72 

unflav. rj 

0 + 

(0-+) 

7 

140 

235 

88 


Another symmetry property is observed when looking 
at the shifted masses of several unflavoured meson fam¬ 
ilies. A translation is applied to the masses, in order to 
equal the first mass of each series to the value of first ij 
meson. The translation amount is: 410 MeV for tt, 0 for 
7 ?, -228 MeV for p, -442 MeV for fg, -623 MeV for hi, 
and -235 MeV for to. We observe, after translation, the 
mass correspondence of several unflavoured meson fam¬ 
ilies, Fig. [HI For example, the translated second excited 
masses of rj, ”M” (762), hi, /g inside error bar, and uj are 
equal. The (()(1020) and (/)(1680) are reported together 
with the w data, since they have the same quantum num¬ 
bers. 

Since the quantum numbers are different for the differ¬ 
ent families, it is suggested that the quantum numbers 
define the global mass scale instead of the mass differ¬ 
ences within a family. 

From Fig. [5] it appears that, in order to fulfil com¬ 
pletely the systematics, several not yet observed mesons 
may exist. 
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C. Mixing between pseudoscalar mesons 

The following discussion is directly inspired from the 
’’Quark Model” chapter Q developed in PDG 0. The 
suggestion is made that the four light mesons, building 
the middle place of the pseudoscalar multiplet, are the 
7 r°, rj, ”M”, and rjc. The ?7’(958) joins then the sev¬ 
eral light unflavoured mesons which cannot find room in 
the qq quark model assignement shown in Q table 14.2. 
Among these mesons, we have today three ^5'o (including 
77’(958)), six ten ^P 2 , and a reduced number of other 
jPC jjiesons. Of course, some of these mesons might con¬ 
sist of four quarks, or glueball states, and therefore be 
exotic. 

It was shown in 0 that the vector meson masses in¬ 
duce a vector mixing angle 9v = 35° between the SU(3) 
wave functions and 'I'l, allowing a very close to ideal 
mixing, the (/)(1020) being a nearly pure (ss). This was 
not the case for pseudoscalar mesons. 

The same calculation, as the one shown in Q is done 
using the following masses (and the same notations): 
m(K°) = 497.614 MeV, m(a) = m(7r°) = 134.977 MeV, 
m/ = m(r;) = 547.853 MeV, and m/’ = ”M” = 762 MeV. 
The resulting pseudoscalar mixing angle Ops = 22.77° as 
extracted from equation (14.9) of 0. It results a quasi 
neat (ss) for the ”M”: 

M = 0.153(MM-f dJ)-0.976(ss) (2) 

and a mixed {uu -I- dd) and (ss) for the 77(547.85): 

to(548) = 0.690(mm -k dd) + 0.216(ss) (3) 

Fig. [9] shows the variation of both amplitudes (uu) + 
dd) (full red squares) and ss (full blue circles) versus the 
variation of the f’ mass. When using charged masses 7r=*= 
instead of 7r° and instead of the variations are 
almost the same. 
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FIG. 8. Color online. Low masses (in MeV) of several un- 
fiavoured meson families. See text. 



f " m ass (MaV) 

FIG. 9. Golor on line. Variation versus the ”M” mass (in 
MeV) of the {uu + dd) amplitude (red squares) and of the ss 
amplitude (blue circles). 


Fig. [10] shows the variation of both amplitudes (uu) 
+ dd) (full red squares) and ss (full blue circles) versus 
the variation of the mixing angle 6. The variation of the 
ss amplitude is rather slow around 6 = 30° (close to -1 
from 9 = 20° to 9 = 50°, when the {uu) + dd) amplitude 
varies in the same interval from 0.21 up to -0.06. The 
limits on / mass shown in Fig. (9] corresponds to the 
angular limits: 3.6° and 35.5° on Fig. [ini 


V. CONCLUSION 


A careful analysis of already known data, allows us to 
predict the existence of a low mass pseudoscalar S = 0 
”M” meson, at M 762 MeV, having an important ss 
amplitude in its wave function, and therefore being the 
spin = 0 counterpart of the vector meson (f). Its existence 
allows to solve the difficulty recalled in the introduction 
concerning the mixtures of the SU(3) wave functions for 
the pseudoscalar mesons. 

This quasi pure amplitude (ss) for ”M”, gives a possi¬ 
ble explanation to the absence of the observation of S=0 
low mass pseudoscalar meson in existing data. Its mass 
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FIG. 10. Golor online. Variation versus the mixing angle 6 
of the {uu -k dd) amplitude (red squares) on one side, and 
of the ss amplitude (blue circles) on the other side, obtained 
using the 7r° and meson masses. 
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is close to the w mass, and it is too light to disintegrate 
into two kaons. The relatively small 77 invariant mass 
was attributed to a remnant of w disintegration. This 
assumption was already commented and criticised. We 
note also that the w decay mode into Sy’s is very small, 


as small as the charge conjugation violating mode. So 
the moderate intensity of the signal is likely due to the 
relatively small production of the qqq — qqq —>■ ss reac¬ 
tion. 

We are very grateful to Professors Claude Amsler and 
Alex Bondar for their interest and helpful remarks. 
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